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(54) UQUID CRYSTAL DISPLAY UNIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform the multi- 
gradation display which is stabilized in a display quality 
by a simple matrix-type LCD, by controlling a number of 
times of display on and display off to each dot of a liquid 
crsytal display panel. 

SOLUTION: The X electrode driving circuits 402-1-402- 
8 apply the voltage corresponding to the display data 
during a horizontal scanning period of each dot of 1-480 
lines of a liquid crystal display panel 401. A number of 
frames for completing the half tone data is 4 in a 
gradation control block of the X electrode driving circuit 
402, and a ratio of the display on and display off of each 
dot is controlled to be 0:3, 1:2, 2:1, 3:0 on the basis of 
the modulation of the pulse width obtained by equally 
dividing one hozirontal scanning period into three parts. 
As the result of the same, the gradation number 
becomes 5X4+1=13, and the 13 gradation display of 
0/12-12/12 can be realized. 
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#a. m&wnmmto¥Bt&m*xmmu nmmzfe 

3£i-5 1*¥*S«WSrn5>Si]L, m7U-»l 

mw)^&£m^xmmu$K)<D ( m -i) 7^roi 
ftrt a r <h -epsws^Srff 3:^ fc4*«fc+a«ft** 
[»*«2] «*«Hc*5^r, £T<0«lE Ky hfcIS 

[»*«4] X#[p]Km Ky K Y#fn]K n Ky hr-flf 
f3L£tiZm&$L7F'<**i:, Xjj^Wz^LXit^f- 

5 X Bifida Y*iR]lcitLrtt7fe*«ES:Bian-*-* 

YB»*a«:*»Lfc****ifiafcj3v^r, 

m' Xn' Kyh (mSm' , n£n' ) Srl^ffit 

-j±mzumLtz±x\ #Kyh^s^t$*t7 

/Mh1S&££{§U WEy(SlilEifi^aiifl6EfKa*^3 
> Hn-/uiaB^foU**ii5*^7 f -^i:?iJt:ffiSJ» 
«^SrS^flaE«ft«^/^yHcB]jDl-S«ESr*3t 
U ttEfT«Wlb^a(lfT*SM«lff#<:iE^MrEffi 

MrEffiA*** ^ y h o -/unitttt, l K y h 3 9 
©try h-e«fiK*Hfc*^T-^tiiilEa4l**^*^ 



2 

^Jlitci tr^ h^f)/^r-^I^U:i, 89E5I] 
ttffiffift*a«c*tLr«g»c<EiSL, 17^W-^ 

©fia^sT-rasi^ m%ztixztiT-?<nmt'& 

f&-g-*:mrE5»Ja;ffiffi»*aic:te3i6L, r*i£n[H]$!0i£ 
U «JEff«ffiffift¥ajc#L-Cfll Kyh3fc0nia 

»¥attff«E«rft«L, frEnlHll^9Jtfcr-^*i 

< t t2@»c lEttR taai*a rtfrftatt-rajs 

[a*«6]tTa«, JltW»645KyWh9y^ 

ea^a*, wwBEa^at, ^f-^sif 

iiS**^-^ t JItt«»p«flrtlttEit«BBft«ft# 
a© Jet* i >HuEffifi^/^/H-WllDi-5 «E £ ft 
£U fl9Eff«ffi«tt¥9ttfT«S«0»f9^t«JEiS3£ 

Bi«*^aoai*^av^pi«Ftcifia©ff«ffi^»LT 

ifeSSE SrflWD-f a w 4 |c X o TIWEiK***'**/^ 

hn-yuElKtt, 1 Ky hSfc9«ft©tTy h"C 
30 UlritSiifc**^-* SrttEtt***^^^©^!!!^ l 
t*y h^fefca^-^lcfciftLfca, KSSc, ffiE^JSS 

Baa^acffl^tiesshTtfcx-^tciB-cai 

*/<*/u©M««fc'pp»r5fc»<0lM»tt**rlttEJiJ« 
fflBa#afcH52£U rtiS:n|sl»9iSLi-Stft^ 
ttEfT«SBft*aiC#LTttl Ky h^fc«9n0|C^ 

m^e^u ^©flr^jcs^twEtTaaBft^att 

i bi*r caat 45 r t srwa4i-5»*«^a a 

-^s«i^attB(rE9ja:ffii2»#a^rtjKL, buesi® 
«#5C»¥attWEW«ffiffi»^a«crt«Lfe«fia^ 

[!»**8] if*Jl5 x Xtt«#a6^isv^r, £>5ffi 



(.3) 



tT«E«:Hl*n+Sff»«KBIslBi:?iI*«Jc»LT?MI 

@l» f tiEIB^ v>-7x-^ i 45 a*^ ? ft* 

ffWJEwaflEWin^^ 5 y^Srfi^Lfc(t-?-Ai:yiJttE 
eoSEf=P*n* >T 5 y ^Srffi^ Lfc«# B (4gft 
*±<7>f y^bft'K 

WBlt-»Ba)JBjftft«riflBfll-»A«)n» (nS2ift5 
[0 0 0 1] 

[0 0 0 2] 

<0£V£m&7F&ffit LX % ftmW- 3- 1 2 5 1 8 8^ 
y, St^7£tr 0 FRC (Frame Rate Control) 

[0 0 0 3] H16-C1 6 0 1, 1602 JiPgPS^I - 

XfoV. 1 6 0 3ttFRC'<*-:/*£ia», 16 04 
HFRC/^-ylMl 6 0 3*»feffl*Sil5FR 
cS^r-^FD, l 6 0 5i4reH^Vu*££3M9:-cfc 

15, 1606, 1607, 1 6 0 8ttBS|/^«tf 
Si 6 0 5^btH*$ix5?&H*^Vl/^, 1 6 0 911 
PBHIS?F'*A'* 1606, 1607, 1 6 0 
6>, iffi**^— * 16 0 IRtfFD 1 6 0 4 tCj: «9 — 

19, 1 6 1 OI4**/^u^3iRigRl 6 0 9*»f>Btt*S 

fiaMMM^^-ci 6 1 1 tttt*«^/*/u*-c*> 40 

5 0 BSB^VU^Jg^Sl 6 0 5l«Sl/^0%OP 
on, BSl/^5 0%©Pg N (SK/HOO%OPo 

4fl&l 6 0 5"C-o©/^U**SJMl£i'i, ft*/^*^ 

1 6 1 l^snso 

[0 0 0 4] Bi^iaiUciftJIIIlOjRJI/^/UTOa 
^Jftil 7Srffl^rKW-T5 0 ill 7 14, 3t'yhT 
fi^f-^ 1 6 0 2^ (1, 0, 1) fD#0)$L7F&iT* 
h*>o \f y h^x-^lCttl^^Stl^FRC 

1 6 0 4f44/5-efc£ 0 -Tftb^, FD 1 so 



6 0 4|j:5 7l/-A^4 7L/-A|l " 1 " t ft 9 , 99 
(D17l/-^(iFDl 6 04(4 "0" £ ft S r i: j&>5>, 
B17T*S1 7l/-^^l5 7l/-A©9tj, f 37 
U-AI4, FD 1 6 0 4 "0" bteV, f$*)<Dyis- 
.Ml FD 1 6 0 4*5 " 1" i:4oTt^o 

[0 0 0 5] LT, JiSS^X-^ 160 1^ "0" 
FD 1 6 0 4^ "0" W7l/-^CH P off 
a^fatCTO^il, ®Sl/^^0%^^^ftfTt\ FD 
1604* "1" (07 1/-ACI1 PgtfjKiSKWaDS 
ft, »Su^5 0%w*^SrtT5o roji^lcLTS 

7 4 7 A |±, ^gl/^;U5 0%<7)^£fr 

t\ 5 7L/~^ft^ir^5^ iK^/M0%(O 
1* "1" <7)»£fc|S]«!l^ FD 1 6 0 4* "0" (Dy 

L—AlcStLTte, Pgj&sttfifcflHMlSft, »sw 
5 0%<&*^SrfTV\ FD 1 6 0 4* "l" (D7 1/-A 
KatLTJ4. Pon^TOn£ft, «£U"<;H 0 0%(OS 
^ftff^o 9i:LT5 7^i.^4 7l/-Alt 

»S U"</H 0 0%O*^fttTV\ 8^171/-^ 
14, »£U^/U5 0%tf)g^£?TV\ 5 7l/-A^ 
LT^£ 0%<Dm7jk%fto * t lCft£ 0 

[0 0 0 6] ft^±EtcEtt*ixr^S*.*Wft0i]4:ia 
1 8ft^LH]2 0S:ffl^TRWi-5o 

[0 0 0 7] 018T\ 1801, 1 8 0 2lil7^f> 

<*>fe««*>-hffi, T^ttfg^gE^X-^Ar-*, B 

5±&3l^X-* 1 6 0 1MFRCt~^FD 1 6 0 
4[CfBi5t-3o ) 1 8 0 3, 1 8 0 4f4Ax-*Srl 8 

0 5, 1 8 0 6l4B7 f -*£l7>f>$H*imi-5 7>r> 
>^yt*fc-5o 1 8 0 7 14a*7U* * d ^ 1 8 0 8, 7 
>f^n^l 8 0 9K«fc9T-*-fel^ hft-^1 8 1 

0, 1 8 1 1 &4fiJt5f-^ti/^ bm^ttf&m&x 
&<9, r-^-feu^ HS*i 8 1 0J47-f 1 

8 0 9«t\ V^" , "p-" Sr»?)iS-r(S^T**> 
So 18 12, 1 8 1 3l4x~#i? u£ MURK 181 
4 (4 2 ii(7)S^7 - * £&tf&x. 5<StfB K<E|eI»-C*> 

9 , 18 15 f4ffiS/^^/Ut?*> 5 , 18 16 fttf 1 8 1 
7l4«*/**yui 8 1 5*|g»$"ti:5fc^XKI(ilHl» 

[0 0 0 8] 11 8T\ 1 7>< At- 1 7-T 

>s^zic7-r>^^u 1 ai 8 0 3xi4, 7-f^* 

y 2A 1 8 0 4fc®!9i&^ ^Ol VfiSSS^lSO 

St*lll$ixfcT-^Ml A, XI4M2AI4, r-^irU 
* MhIKI 8 1 2T*MA<t LTiim£tl6 0 B7-M 
8 0 2, 7^>^^ei; 1 B 1 8 0 5, y-fy^^y 2B 

1 8 0 6<7)Ki^tl3filT^-^irU^ MelgSl 8 12^ 
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[0 0 0 9] atSSKlHlK 1 8 1 4T\ r-ni/^ 
1 8 1 2frbmhflhT-$MA, MBteX%&)(D Ky 

ttHI&l 8 1 6(OXiftfflf-^XAWXBi: LTffi 
llZtiZo SXT. 1 8 1 4<Dy-#(D&Xf 

[0 0 10] @1 9 (-teffi^telHl^ 1 8 1 4C0r-^<O 
*U«i«Bffc»i-. Bl 9T- ****tfcKy h 
l*ft*B£g[H]?§ 1 8 1 4^f-^MA, MB (T^LF 
jftx^TM, ^cQ^SXlMjfflx-^XA, XBH 

h"Ctt, A^X~* (MA, MB) = (0, 0) 
(XA, XB) = (0, 0) !*\ (MA, MB) = 
(0, 1) <Dtif (XA, XB) = (0, 1) ri\ (M 
A, MB) = (1, 0) <DV$ (XA, XB) =(1, 
0) f)\ (MA, MB) = (1, 1) <DB$ (XA, X 
B) = (1, 1) #*ft«lffi*S*LS. H119T* 
"0" ^^flfd Hy f-eii, (MA, MB) = (0, 
0) CQ0# (XA, XB) = (0, 0) ri\ (MA, M 
B) = (0, 1) Oft (XA, XB) = (1, 0) £\ 
(MA, MB) = (1, 0) OH# (XA, XB) = 
(0, 1) rt\ (MA, MB) = (1, 1) C0B# (X 
A, XB) = (0, 0) tfmilZtlbo &SkbLX. ft 
fBEi&El&l 8 1 4m A^x~* (MA, MB) = 
(0, 1) XII (MA, MB) = (1, 0) » "0" m 

$ns 0 ttttsiEiaBi 8 1 4*>e>m*+sxA l xb 

ttl 7>T>SriS«P«c^Mi-57 f -*-feru^ bff-^l 8 l 
1 let 19, U^181 3tXAX(j:XBW9 

[0 0 11] XBflEIBl 8 1 6|i7^7yf^7 
M819t'l7>f ^S^r-^XD (= X A) CO 
-tW&O^/u;* *n 5/ £18080) 
iWn-XD (=XA) <7>ffi*-f33^H#«S\ X 
i^e>Xi^ffl^1-S. SfelcxBBEIBi 8 l 6#±tfc 
r~*XD ( = XA) <D*^tt«£UrtLTV>S3*> 

f^77f^7^ 1 8 1 8 -Cl yoivftTft-T 
-^XD (=XB) fcfigii*, t^^^s/ 

^(Oi^T^O-CXD (=xb) <nm^l-z>$c^\%m* 

XlfrbXttZ.&jj-fZ> 0 Z(DXmW}\B\m 8 1 6d»6H] 
iDSJxfc*^ttaxi>i^LXiH*<7)l^ 'W" 
TV^YffiKilElKl 8 1 7^ffl*Yl*^LYjWl 7>< 

i§iM£ft£ 0 YfSftlnlSSi 8 l l\*%My4vtuy2 

'W let, *<o& % yjyfvyt l 8 0 9lc£o 

[0 0 12] r rTffitHStelHlKl 8 1 4<Dft#H£0^ 
TB2 0l:fflV^IWt5 i H2 OlCfcatBS-fSX 
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fo5X Ky h i >(D^y<ju^tKky4 y<n 
^Tftst/i'XX&myJ y&m^'t^** — ^-£t£>% 
C £lc<fc 9, l yj >ty(Dm^'<;i'X<n±Lh±.fc } QXte 

U ^m^: LT«*'<*yH 8 1 5^3§£-f 5*d* h 
[0 0 13] 

fcffl^Sr i4<*5-*iS«:fi l 5S«ffl*5-STN 
(Super Twisted Nenatic) -LCD^foS c IWEC 
B (Electrically Controlled Birefringence) ^"^R 
20 ltS^7-STN-LCDIt %y-7 4 J\s#*&mb 
Lfc^fcfc, A»*©*Jffl»** s *»LCD«rfPrt"r6 
L^LECB*aK»fi*7-STN- 

LCDttW*»ttKjfci<, ^ttttfcPWfcfcflrt- 

#>tc N %7F*y*y is-J^m^®*) 

RC*W 1 *¥*X»IWrt"e^^HS»l«rff 

[0 0 14] Lrt»U FRCjSWt*2 0feH±«:* 
lfe<ail^5t^t5W-'>&< i: fc 1 9 

-s) *«t^t, w©FRc«»»«^jeHi-s»s, fes 
(7)tW7y^^stiHTax:5o pw 

[0 0 15] -if, #BH«^K*Srfflv^fc»^lctt, 
FRCH«jft*:±#S**ci4<, #l»«ft:*pri6-e 

sic, ffiteseiEiKi 8 1 6iaotf-^tff 

[00 16] L^L, PWM^S^KPS^3fi£l±«) 
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[0 0 1 7] ECB*S:RJtS!*7~ 
STN-LCD©i54#«-7 h U y^7fLCDT% 

ftttlCtt^yy*, **«;ft**n;* h~*^*£S:tti 
5 r t ld*>3. 

[0 0 18] 

T*<4tlEli:i-8. B^/u^MHtfflv^Ky 
htm7U-Artt»irtk**TIWI***rff 5. 
[ooi9]S^y, |/Tt7(0i^B^ lRMIJ: 

-(x+y) +2tK<o. ms,fc&fem<wsit&ttz 

[0 0 2 0] 

i^m<ommmm] bit, **BBw*pflH*^(oisgi 

(0/3) ,1:2 (1/3) ,2:1 (2/3) , 

3 : 0(3/3) t1-«rt-CSe>lc:<t«W«**«rfTo 
t^<5 0 r*>«*, ^St57^M4, itK¥* 

*»Bt3^Lfct*©**aoHWI*tt, 5X4 + 
l = 13t4D» 0/1 2#1>L1 2/1 2^1 3^18 
3c^£H5T£5 0 rtf>5^ ibr^y^tj^^/i 
2, 8/12, 9/1 2 t Lfcli^SrBlfcLT^LT 

»tv<yf-y^{fB^iiyNV^«SSIJc:J:5 1/ 
[0 0 2 1 ] 13 21101 -e*Lfc#»ii*»(ci3*t 5 T 

-*«ees»-c*>s. 

[0 0 2 2] H3tt**W-C#e>ix5Rm»S:*i-»W 
[0 0 2 3] HHT\ HfBM*9/l 2, Wh3/4(Om 

30, a^^srug^fjffl-rswt-cniai-s, 7/ 50 



5 

12<Di§£fi, MxJi, (xO, yO) -CSSilS h 
iC^B-fSi:, 17U-A1, 3 7l/-A|tg^ 
2 7U^it'$^7i:U 4 7U~ABTJi, 

^7<Dfi££l : 2iltP5 e r^te*, #6iXfcMr 
Wli, 1/4 + 0/4+1/4+1/4X1/3 = 7/12 

^5 hti, 17^@fli (xO, yl) , (x 
1, y2) , (x2, y3) , (x3, yO) x 27U-i.| 
Til (xO, y2) , (xl, y3) , (x2, y 0) , (x 
3, yl) , 3 7l/-A|T'|j: (xO, y 3) , (xl, y 

0) , (x2, yl) , (x3, y2) , 4 7U^|fll 
(xO, yO) , (xl, yl) , (x2, y 2) , ( x 3, 

y3) tt£Z> 0 BP*>fflix07i/-A'Ct/^^(BSEB*: 
ft, Rl/yiJJc»L"C»*l KyhO*t45, rtilcJ: 

7/1 2<Z)»£T\ ^V^fflSBISriSfflUTV^Ky N 

m^*y k^*y(Dm&z 2 ■. itLx^ 

6 0 t#<bft£Pgfmil/4 + 0/4+l/4 + 

1/4 X 2/3 = 8/1 2 kteZ> 0 

[0 0 2 4] :ti^(OMiwx0i:^t5f-^tt|w 

SI±»^!l2[C^i- 0 pga^7/12, 8/l2<7>0# 
l± i 7 u-i,gtc*tLT i + 1*¥£S$Pb1<0 1[hJ<7)^ 
W/*/u*fi£HSrffl^T^S 0 ^> 9/12^B#li3/ 
4i|^KSIT**>9, -ttif ^yu*|«BI«:fToT^ft 

[0 0 2 5] r«)J:5lc**SC«rffl^r, flBM^-* 
^gtS7L/-A|^m, l7k¥*3SWWO^SH»S: 

*B£SI£ffl^5wi:lCj;oT (m+1) x (n+1) 
- (m+n + 2) +2=mXn+lift5 a Sot, rn 

If, 3 2»ilSr£«t1-St§, «*^8t5 7i/-A 

t—J>**:7, i^¥*a^Pfl^^»^4i:^5r^ 
6. 1/ (mx n ) HM*Sii%1- 

l =pXn + q t^aUfctS, m7l/-i^ 
tp7i^-A'C*S*>'i:t5i:*i:, S0*> (m- 
p) 7I/-A* 17U- ATfl, l7K¥*3£fflB8Srn^ 

5-iTStaT*8. ScliX, m7i/-Af (p-1) 
^^-AT^^yfc-fSt*^, (m- p + 

1) 7^^17^A^ l*¥*3t»HBS:n»SI 
L/crt<7) (n + q) 0Sri5^^-y, a9SrS*^7Jc#] 
9ST6rfCtlBI«0«t»W«**a-C*5. 

[0 0 2 6 ] ft^±|B^»»*^*HarSfc«)^aft 
Wft*rit«r*l©|llSMi: LTBUfci^LH 1 1 frfflv^ 
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(0 0 2 7) H4tt*«WWjKft**KllW^ci ytm 
-?fc<9, 4 0 1116 4 0X4 8 0 hTflMtSitfiR 
***'<*/K 4 0 2 - 1 4^14 0 2-4tt»ft** 
/<*yU4 0 1<D14^L2 4 OtTg^T'CO^ Ky h<7>7k 

®H»j[R]&§T*fc «9 , #X«ffiffitt@Kli#^ l 6 Offi^ 

££fO 0 4 0 2 - 54^14 0 2 - 8 ll^fi**/**^ 
4 0 1602 4 1 4^L4 8 Ofif 1 LfcX«ffiffi» 
[HlSST*fc5o 4O2-lfe^L4O2-8li**0i:« 
$-e&££-f£ 0 4 0 3- 1, 4 0 3- 211**240 
ffi^^SoYm^SiaiHlKr'fc^, 403-1^:403 
-2tt*ix<rixBli:fllflc-ei!)5ii-5. 4 0 4(1**? 

V h-e«fi)c$iXTV^S 0 4 0 5fiXBffiffift@fciZ)Si]SP 
ffl*»SrCi£1-5X«tt«iJ«l/<^, 4 0 6- 1, 4 0 6 
- 2aYCfllSlfllBlK4 0 3- 1 4l^L4 0 3- 2frh 

«**»/<*/^4 o i<Dia^>r * y^srtes-ra^^ 

h p -yuffi-g-W, 4 0 7 (IffiSSn i^/wWR^eflEiS 
4 0 8- 1 (16 4 0tiMX-ffif&£tlZ>±.M<DX 
4 0 8 - 2(16 4 0^t«JtlSTl^Xl 
ffiTfctK 4 0 9J14 8 Offi^cOYttffiT'fcSo X« 
ffi»Jffl/<^W#m^(l**r-^^S*ttttS:lg*+S 
«*7K^, xaffiSE«llfilK4 0 2- 1 4t^L4 0 2 

-8<z>5*>, (»rn«)iaB**a-c*>5^«r*B*-f 5* ^ 
^m^T't^^n^o py hp-^{3#*ttftSH7>f ^ 

Srli^-fSjteSR?^ >(a 3\ Kft'**^4 01^17 

[0 0 2 8] 0 5»mffi£4 0 7 £^LT$fil-TOD£ 
ft<5 6 u^yu©«Ell©«JEu^</i/Sr»L, XflWBSEft 
[UK 4 0 2-1 4^L4 0 2-8tl£iffi{fc{t^i*iF? 
-^ICJtDTVl, V3, V4, V2©fiHlJ&*l U"<^©« 

JEfeBflrowSiiT* vi, vs. V6, V2©ffltt^iu 

[0 0 2 9] 0 6 JlX«ffiBM4l§I!&4 0 2- 1 4V*L4 
0 2-8<01 BB^Py *H"C*> 9, 6 0 1(irKW 

Ku^ 6 o 2 &xfMffi»[il&KrtjK£iiT 

Ki/^ 6 0 3 ir^ftfirr Ku* 6 0 4 ^«t 
5 0 6 0 Sll*^ ^y^SJ»IslBt*fctl, -fei^ MS# 
6 0 6, yj hfi-g-6 0 7, #^{§^6 0 8 <t5fcH7^ 
y«^6 0 9, 6 1 0£SlC, H*|6|^<y7r 

MP«*6 11, 7-H»? = -^»ltP«#6 1 2, 5 
hff-^-6 i 3, 7i/-^^y l 



C6) 

4, HS*6 1 5. 5yfAffl*6 1 6 

5 0 6 1 7fl3X*[6]/<^7rT*fe"5, 1*^7778 
1 l SrSlc, ^T-^C^ltMy^rA 
(Cg^ELfcr-^<*4 0 4 ^XltiiglljlHlK^rt^r 
-*^*6 1 S^ISTte^lfilOSltailSrtT^o 6 19(1 

2 0££/&1-£ e :(OM^^^6 1 
9llXffiBlElte* s #it+5ff*[^Wiai$-e*)S 2 4 Oil 
U^^tX-hZo 6 2 1 ii-tr ^ Xfo 9 , SE&ff7 K 
io U* 604£#?y hft-^- 6 2 0 (7)-*4r(Eaiff 6 1 
0 fctt^iMl U 38WT7 K 6 2 2 <t t rffl^i- 
So 6 2 3(1-7- Km^a-y-Cfef), MtilftT 

6 2 2^f3-KU 7-K»6 2 40^1ttti 
M1"5 0 6 2 SIlx-^jRra-^-CfcfJ, Sft?»J7 K 
l/^6 0 3^f^-KL, ta4$/TT-^«ei 
fc, 7K^»6 2 6 S:tai:t5. 6 2 7(lI/Oir 
U**"efc*K rtair-^/^6 18^ai:4o/:7 

K*«u »*a*«iff«rff5. 6 2 9 a** ■> hist 

20 fcg, 1 6 0 X 2 4 0 X 2 t ,, ^hoy ; e!Jt;K«J 
tl, 7-KH6 2 4, 7 K^H6 2 6{r&ofc, ^ 

2H/?-*ft»»fls*rfT5. 6 3 0ttK«IM*iypy* 
T**>*K ^^y@K6 2 9^^aiJn5l60X2 
tf y hT-*dtSilS 1 6 Offl*#<0ffittS*?-* 6 3 
lfc*tLT\ Mt#6 1 3, 7U-A^^ 

yhfit614, g-fey 1 5fc»c, ^^x- 

^tc»j£Lfcl8W**SJIHlS:ffV\ 1 6 0 \f y Y<0^m 
f-^ 6 3 2 i:LTaiM5 0 6 3 3(17-^7 
30 KTfct), PgPr-^ 6 3 4fc9yf-«-»6 1 6t'77 
?U 77f7-^ 6 3 4«rM« 9 6 3 511?-? 

7 7«T^>3, 75/77^6 3 4£te&{f-^6 1 
0T'777U 7 7f7-^6 3 6££$1-5 0 6 3 7 
tt*i«ttla]»-e*>!^ 7^7-^ 6 3 6, 

f 6 3 8 ^rS(C N H 5 "C* Lfc 6 5 
-^mi±*l6 3 9 ^^LT, VI, V3, V4, V2(D^ 

xm<i6 4 o(cm*i-5o 

[0 0 3 0] 07 (l|^»Jffliy P ^ 6 3 0 £>tH$£^ 
40 i-|g-C*>9, 7 0 1 I14il#*y*-?fc^ 

V> htS%6 1 4<D4m^^y hZft\,\ 2t'yhH 
45 7 1/- ATJ^y hfB7 0 2 Sr±fi£i-5i:*^, U * 

s/ hft^-e 1 5^^(c45^^ y r$n, mvofrb 

th»4r*&fe5 0 7 0 3ll8il*^>*-C*l9, 7^>-^ 
•?y 1 3W8ii*^y hSrffV\ 3tyh*»e> 

457-< v^-^y Hi7 0 4Sr£j£U 4ii^-^v^7 
0 1 fcPfll^yiry Mf-^6 1 5istai:45i:^ U T 

!>^Ht7 0 4©*Ttttr!/ h-c*>o, Whyjyxt 

so y 1 3<D#Jim-5§-£**1-5 0 7 0 6(12_N 



ft|p}¥10-161610 



(-7) 

11 

ORE®, 7 0 7(13_NOR[h]&T*&9, faftt^l/ 
-J*%$y hfia 7 0 2, 7^(^^FI7 0 4^0^ 

8, 8 7^>ft-^-7 0 9^4iS1-^ 0 7 10-lfiPSSI 
I TE, 7 1 O^flBSIx-^T 
3^RED, 7 1 0-3flBiST-*'T=i-^BLU 
E, 7 1 0-4fiPgWr-^7 f 3-^GREEN-Cfe 
"9, 7 1 4 , 7^>^^>h 

ff^6 13, 7>f>»H«f 7 0 5, 4 7U--Mf#7 
08, 8y^>ff^-7 0 9|:S^^f^-K?rm\ # 10 
« 4 t'y h^ttSWH I T Ef-^ 7 11-1, RE 
Df-^ 711-2, BLUE x — ^71 1-3, GR 
EENT"^7 11-4^Kt^ 7 12-lfc^L 
7 1 2-4tt#J0ftfc2 tfy h-ettjS^ixSffilil^x 
-^6 3 1WiMlT'fc^ 7 12-l^l^lJg(C, 
7 12-2^2?I|@C 7 1 2- 3^3?i]g{C, 712 
-4*4 5»JB^*tJ£LTV^S 0 H7±-Ctt4jlJ£0«Ma , 

RLT^a^ 6 owas-rtqtta. 71 

3- 14^17 1 3-4(14 tol-tU^^-CSb^, 4 to 
ltW^7l3-l llffitbS^T-* 7 l 2 - 1 S:S 20 
|C7-^ 711-14^171 \~-A<0%r*<T>% \ \fy 
hB/^b l#£iIJRU 4 toUrl^** 7 1 3-2I1B 
ftit^xW 7 1 2-2 ^SCf-^ 711-1 4^L 

7 1 1-4^^12^5/ hBJ&»e>l*S:MlU 4 
to 1 ir * 7 1 3-3 Hfgft^x-* 7 1 2 - 3 £ 
SJCr-^ 7 1 1 - 1 4V>L7 1 1 -4<D&*<D%3\? 
yH^fcl**IKU 4 tol-tr U** 7 1 3-4(1 
Eft^x-^ 1 2-4£g(Cr-^7 1 1-lft^ 
171 1 - 4 4 fcfy h B*»6) l^aR-r 

4tol1r U^tC^LTfl, 5?iJB(D4 tolir U^^ 
(1, r — ^ 7 11-1 4^L7 1 1 - 4<D&*(D%1 € 
y YBfrh l^iffiU 6?IJ@04 toUrl^^fl, 
7 1 1 - 14^17 1 1 -4(7)&*<7)g§2 try h 

B^fel*£iItRU , 4 X p -f q?UB<7)4 tol-fe 

^(1, 7*—* 71 1-14^171 1 -4W#*W 

«*f±»il^-# 6 3 2O«fi£5*t4S#^ISfc0 1 
try h^bftSKHx-^ 7 14-1 4V^L 7 11-4 

[0 0 3 1 ] H8{ipg^x-^x^-y 7 1 
1710-4 ©-o©R«B"Cfc 9,801 tttOMr- 
*T = -*\ 8 0 2- 14V^8 0 2 - 4 ttlOfflRfll 
fit, 8 0 4 - 1 4^L8 0 4-4(lirl^^, 8 0 5- 
1 4^18 0 5 -4fi7U-AtOSSP&Blffl, 8 0 6-1 
4^L8 0 6 -4^7^^088, 8 0 7 -l4V^l80 
7-4(17 lx- ^SJMHKHtS, 8 0 8- 14^1 

8 0 8-4(l1rU^, 80 9-14^18 0 9-411 

frmy^ymmm, 810-14^1810-4117^ 

8 1 1-14^18 1 \-A\ty^>yy^m so 



72 

9ltt, 8 1 2-l4^L8 1 2-4flSte0te, 813 
-14^L8 1 3-4^7^^7 7^11, 8 1 

5 - l4l*L8 1 5-4lifi(b7>f^7 7f|S|a«ta 
ff-S§\ 8 1 6- 1 4v^L8 1 6-4fHrU^, 817 
-14^181 7-4li»Hx--*T*>!9, raf-^ 
817-14^1817-411 WHITEf-^7 1 
1-1, REDf-^ 7 1 1 - 2, BLUEf-^71 
1-3, GREENf-nil-4(D4t , 'yF^7 
-*<D&*l£#j£LT^5 0 BP*>, &i®^7--*X3- 
y^MLTd, ttf-^73-^«M45^ 

[0 0 3 2] H9tt*-wSHIt«ro3feaE«||BI*c:*Jt5X 

£<dSIWE"C*?K Vs*i^^yi4S»^coHS;ffi 
[0 0 3 3] Hi 0tt«-«)|lllS«l^l3ft5HWI**/< 

^-^©«-c*)0, eii tmm<DM^n^ 0 
[oo3 4] 01 1 \txmmmw)®&t Yigismis 
©tariff©* >f s >-^£^-r*>r * v^-t- h-cfc 

[0 0 3 5] £AT\ »-©**««)ja[ft*^*11«)ibf^ 
^opr^tc**WwKi45 I t 3 MIB^w^a*ifet- 

[0 0 3 6] lUfelcXffiftleltert^^^y 0K6 2 9^ 

L4V^aSi/^A36»b41[*»8 \?y hT«J*S*l5 
3^7-* 4 0 4as»J1»{f-J§-4 0 5 i^(CX|gSj[H]SS4 
0 2- 1 4^L4 0 2-8^A^$ttS 0 XmW\®&4 
0 2-1 4^L4 0 2-8fl#*J&SJ$o|g6lC^Lfc7 

vu^mmi&e o i -e*^r k^6o 2©f^ k 

SrfiV, SixfcT Ki>^*sjK***^*^4 0 l± 

6 0 3, S^fTT K^6 0 4Sr#LT!7-K*7 f =- 
^6 2 3t?l7-KjR6 2 4 0-*Sr*ailCi- 5 
^&?"J7 1^*6 0 3, 7 KU*$6 2 6 ZftLX^TF 
T-^lCjftJSLfc, ^^yiHK6 2 9(7)8 tfy 
^Uir/KC7=-^^6 2 Sfe^LTA^tifcx-*© 

[0 0 3 7] ft^^^y EK6 2 9frt><D£iF7 : '-f<D 

m^tzLmm^^^xmni-Zo mz&^mtzftix 

v^4^*&^, *5aim#6 1 0#*»fc4Si:-feU'**6 
2 1 (12 4 OiiCD^S^^^^ 6 1 9<7)ffi;fjT'&£# £ 
y 2 0£iltR1-£ o I7-Ki7^-^6 2 3(i 

ro*5?yHS^6 2 0Sr7 ? 3-KU ^a-KttSfc 

#0)^7-* &i 6 ox 2 try ha>£4£ffift*^7 

6 3 1 <h LTe^-r^o 

[0038] fticpswsij»^Dy^(D«i^o^T, m 
7, ms^m^xm.mtb. istMf-^f^-y 
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8 0 1 114 t'7 h*>bft3tnffllttlltt8 0 2-1 ftl*L 
8 0 2 -4 tS(£7>f ^7yf-*aft-^8 1 5- 1 4^ 
L8 1 5-4££j£-f£ 0 «J»KHe8 0 2-l*^L 
8 0 2 - 4 II 4 ^]#0£*»J»<0fl)8Bffl[ fc ft 5 x - * X 

fRX^Hfk^ (W^0PWI*»bl/2* 
, fcKttWSV^* (BP*,l/2»n^5>l» 

^PBPHSrSJpt-fSii^l-, 7/1 2MHS:**-t-SJt 
4W©rtlWfcS#UT*»*y«r*l*1-5. 

+ 5 "0" ^0i^1-5o n*lC8/12BtW, 9/12 
»B©»£fc4M©rtlMfc#LT "1" SrttLfiU « 
0©3MJC»Lr "0" Srttl^-rs e HP*>, UlT^L 

3»it«)/</U^(iSII*r«*i" Si^tn/l 2 (0£ 
n £ 6 ) KBSrS^-f 5»^tt, 3p-2^n^3p£ 
^5pl:»Lt, p^iJU^LT "1" £Jti;>JU 4-p 

(n + 6) /l 2PMKr**1-S»^»Ct, 3p-2^ 
n^3pt45pl:»U, pMtc»LT "1" ^ffi^f 
U 4-pJ«:»lT "0" fc«Htfll«^LTffla+ 
So Kfcy^^yy^vMt^s l 5 - iftv>L8 l 5 
-4 fitter-* roKte, RU'<&x1&&m<n 

[0 0 3 9] Wc^PW^fi8 0 2 - lftVNL8 0 2- 
4 fc 1 7U-A»(0Bll7 f -^"e*57l/-A7yfft 
^Ptl^il8 0 7- 1^1^18 0 7 - 4 OffiiX^— 
1? 1/^804-1 4^L8 0 4 -4TM 7 U-^ff-^ 

7 0 8 KJ;oTa«$ix5o ::ttl/^^ 8 0 4-1 
lC(llO»mi«8 0 2-lt 1 W»<07y^HI»8 0 6 

- 2 OUJA-Cfc^ 7 I/- A 7 y f 8 0 7 -2 
^A*J LTi^ 5 , [^jf icir ^ 8 0 4- 2 fctt 8 0 2 

- 2 t 8 0 7 - 3^A^LT*59, *feW**804-3 
i-fi 802-3^807-4 #A* LT*3 5 , -fe * 

8 0 4-4 [Ctf 802-4dr807-l #A^J LTV> 
S 0 ffl*^H7^*Jit5 4JI**y* 7 0 \<n*V> h 
fig* 5 "0" *>B#tt, 47l/-Af|§7 0 8^*«ii:ft 
"9, tU^^ 8 0 4-l4^L8 0 4- 4li^8 0 2 
-lfc^L8 0 2 - 4 SrSft-rSo 8R3ftfcfi^tt:7 
7?-!s]&8 0 6 - 1 ft^L8 0 6 -4t'7 V-Kfi^V 
hft^6 1 4{Cj:oT17U— AWIB7jxf-Sn*o * 
<D7 U-i,[c4££: 4 7^^Bf7 0 8fl«iai:ft 
9, ir U** 8 0 4 - 1 ft^L8 0 4 - 4 fi»*> 5 7 7 
^0B8 0 6 - 1 4^L8 0 6-4<7)m^£iSlRU ^ 

^wmmmtiy u-mz i Htt#«^»uT»»pi 

HffltftStftlc, i7i/-Aft:-ofof-^^'> 

[0 04 0] :©i5i:UTt*Lfc7l/-A7yfffl 
fflKrNfil8 0 7 - l4^L8 0 7-4 i:7«y«8 0 



(3) 

74 

8- 14^L8 0 8-4<DtiMVhZ>y<<y7y3-pgm 
ms 1 1 - 1 ftv*L8 1 1 -4 0)fflHlJ&>-*#, -fe 
^ 8 0 8- 1 ^^18 0 8-4i:J:ot87^Hff 7 
0 9(CJ:oT^tR^^5o :©t^^8 0 8-l4^ 
l8 0 8-4[:»Ltt), ir 8 0 4 - 1 ft^L8 

0 4-4i:Waifc* ir 8 0 8- 1 tCfi? U— J±7 
7ffflfflBBtt©8 0 7- 1 t 1?«£>7 7^0888 1 
0-2<7)ffl*"Cfc57-<y7 7^P&»tt8 1 1-2^A 
^ LX& 9 , l^^{C-feU^^ 8 0 8 - 2lCli8 0 7-2 

io £811-3 # A* LT*5 f9 , iru^ ^808-3 \at 
807-3^811-4 f^Xil LT3o 9 , ir 8 0 

8-4{C(i8 0 7-4 t 8 1 1 - 1 rivA* LtV5 0 * 
LT0 7lC*3tt3 8i§#*:/* 7 0 3<7>#£y hffi^ 
"0" ^)B#H, 87-T Vft-^-7 0 9*#atft0, ir f 
^^ 8 0 8- 1 4^18 0 8-4J2&* 8 0 7- 1 4^ 
L8 0 7 -4 ^il^i-5o »«*nfc«#tt5y^iaiB 
810-14^181 0-4-C#J^ft-S§-7 0 5CJ;oT 

£ 8 7 0 9liMai:4l9, •£V** 8 0 8~- 

20 1 4V^L8 0 8-4tef$fc? 7 7^0188 10-1 ftl> 
L8 1 0-4tf>tti*S:ii!RU ritfcBtf? 7^U 7 
^V7 7^PSW«S8 11-14^1811-4^ LTtt} 

[0 0 4 1 ] w©J:5K:ftrit*ixfc5-f v5y^BHI« 
81 1-14^181 1-4 i:S^lHlg&8 12-1 4^ 
L8 1 2-4T*5<EStlfc5te7^ V7 7^BW«8 1 
3 - 1 ft^L8 1 3-4<DMtlfr-1jfr± U?? 8 1 6 
-14^181 6-4t'Kg7^y7yfB«M 
30 f 815-14^181 5-4£g{Cil^£;h,So 

[0 0 4 2] R(B5-f ^5yf*Bi*af* 

81 5-14^1815-4^ "0" -C&5i:#i?L^ 
^816-14^181 6 -4li7^V 7 7^1818(18 

1 1-14^18 1 l-4Sra«L, "1" T'fe6<b# 
KlsT^ y7yf»8 13-14^1813-4?: 

x\,^z>m&\ux **i-^#»iwi*so^fei/2-c, 

JEki/Ou^daaitrfTfcftv^lWI, J:?ft#W:il4 7 
^-A-C3fc»1-5»^f40/4|»|i l 1/4 «m, 2/ 

»ft*t) "0" iu **1--<*l»«Ws l/2frbl 

47l/-A^8t5i*ll3/4||«, 4/4PgPK- 

"i" fci-srt-e, 

0?li>?) l/2©Bt«Tttt0ffl*S:7U-^ft, at/7-r 
ySlCv-7 H Ltz^-fZV&mT-* 8 i 7-lftv^L 

8i7-4tim i/2*»bionfn-ce«o»itts: 

so -14^181 7-4iLT$a. HS)l/2BIIloa^ 
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ttR(E, #RCf:Rlbt i IWHHf4l/2»c45fc» % R 

8 15-14V>1815 

i-efcSIt^b, (4m+p) 7l/-A|(D (4n + 

p) 7^y^SLtt^i^ (pfioa><b3 

2 7U-^@(Dyl«M t f J > 3 y l/-A|Wy 2<7)^S 
<K 4^U-jUg(Dy4^^S^fCffi^-f 5) , 1, 

2, 3 51JB (#/r xO, xl, x2JctiS-rS)JC*fLTO)S 
(E9-f ^7y^PWHt#«lffi*8 15-14^1815 
-3* "1" iU 4^ij@ (x3Mffl^£) {£*tLT 
tt, 7^y^^FI§6 1 3£|^#1U 2^s/^ 

1 * p y ^ig-cji "0" tL38901^P s/*«T*tt 
"1" ^-T^o (4m+p) (4 

n + p+1) 7^y^Mlt^^g^. (Hi Ofcfctt 
5 17U-A|^yl^2t, 2 7 U-A@(7)y 2£>^ 
3 7U-— -kgE>y 3£>jfe2EtK 47l/^|(DyO 
<&***K«31-*) , 2, 3, 4WBIC»LTWS<E 
>7 y^BBHi£ffaffi-^8 1 5-24V*L8 1 5- 
4£ "1" iU lWBtcitLTH:, y^y^vMf 
^-6 1 3KPJWU 2^d 1 y^fitftt 

"0" il»90Ho^(B"eil "1" il"*. ft 5 
/8KH^»-r5S*SLfcBBlS:S*-r5 3/8fgW"C' 

is, 5/8 B»wi$(D«»^^iiiiEinm ^#Rte Lfc fc 

[0 0 4 3] Z(D£?\CLX&VgMT^-y^£<oX± 
$L£Mz.$&m"f~? 8 17-14^L817-4I1H7 
IcfcttS^BWr-^T^-*^ 10-1 fcV*L7 1 0 
-4a>bffl*£ft5r-*-e&5 7 1 1 - 1 fcl*L7 1 
l -4lcfgy|-f 3 0 R^r^b^r-^^atR*ffi(c:o 

[0 0 4 4] 17 -egy x. tf #?IJ 2 fcT y Y (hmm^T- 
lSw4Bif-^f3-^li 1 *t 1 fc#J£ LT 

h"e*rit*n*««f f -*tt*ix**ix4 tol-fe 7 
1 3-lfcl*L7 1 3-4lC*fLT> lfyHofb 

4toltl/^^713-l ^BBBx-^ra-yWH I 
TE7 1 0-ll^Ri-SBBIS:a«Lfc»^ 7 11- 
KDIJIJB, EP*,H8Jc*3Jt5 8 1 7-1^*83 + 5^ 
-^Sril^-fSo HfiMc2MB £454 tol-fe: 7 
1 3-2Wr-^r^-yGREEN7 1 0-41C 
H+5»HSra«Lt»^, 7 1 1 - 4 (7) 2?iJB , fiP*> 
(H8[cio{t5 8 1 7-2^ttS"f57 f -^S:a«i-S, 
[0 0 4 5] roDjipMLT, BH^n y ^ 6 3 0 "CiOs 
SSJxfcBWr-* 6 3 2lir-^7 7«A6 3 

3, t-^7 7«B 6 3 5Tifci£{f-^6 1 OfcWlM 
Lt7yf^nf;i 4 ftAEttBB6 3 7-CttABIk«t 



76 

[0 0 4 6] rrr% &mtit%6 3 8i:7 7fB7- 
^ 6 3 6 (DBBffiSria l l lc*1- 0 d i l <fc 9 KY 

1 Vl-V2| *Vs, «**7«FO*«E, BP*,, |V3 
-V2 I , I V1-V4 I £Vt£3o< 09tc^1"J: 1 

{ c 7 u - & 9 a y 9 fi t ft£ K US * p 5/ * * * ^ h < K I - 

lib* 

[0 0 4 7] r^JiM-LT, gM^LfcSiS^v' 

[0 0 4 8] ±B<OHlfc«Offi»*^KIllC*5lt 

5 0 *#W«CttH7|C*L*:4a*^>#7 0 lSrma 
#*:/*i:U 8ii^^y^ 7 0 3%nm$<}y? b 
U FRC-7h!i«7^^(Df^X^ (n/k) X (n/ 
k) i:t^:K'mXk + l^l^?:»T'^ 0 

i?l^* 8 0 6 -l4v^8 0 6-4, *^tt"fe 
^^816-14^181 6 - 4 «)«aR«*©SflK^ 

[0 0 4 9] wen 2 ©*i6«©*js!t^o^ria 1 2 4 

[0 0 5 0] El 1 2{i^2(DH5E^fJlcib^t5®B e 9S^ 
B©«*Sr*i-BI-e*>D, i2oni^f-^ 12 

0 2\±WMtS%-XfoZ> 0 1 2 0 3lliM/T^yhD- 
7tfc^ ^X-^ 12 0 1 <bffji]$Hf-$§-l 2 0 2^S 
tCffifi^^T-^ 1 2 0 4, Xffift@KSJ»fI^l 2 0 
5, RVYEIIllBlKflMlfS % 1 2 0 6 ^±/S-r5 0 1 2 

0 7 ttxraftia»-(**> 0 , ffifi^r-^ 1204a 

2 0 S^SlC^-^miEl 2 0 8$: 
4^i-5o 1 2 0 9f±YE«Hg»T?&!9, YBtt[U&»J 
Wf^- 1 2 0 6 SrS«Cjfe3lE«E 12 10 *±f$,tZ> 0 1 

2 1 1 tt«MH«&T?fc "9 , JKft*»/<*^©EPJ!lO«flEt 
44XB»«BE1 2 1 2^Y|g«}«ff 1 2 1 3*4^1" 
5 0 1 2 1 4tt*jJiSS^ ,? -*^T*&S e 

[0 0 5 1 ] Hi 3liffif B **3yhD-7^ny^ 
[DT'fc^, 130 1l«M^r-nffllf:K7h' 

^py^, 1 3 0 2(1 1 7>f yfttDm^-wmg* 

^t7^^7^ 1 3 0 3(1 1 7 U-A#<7)3t7f;T 
-^<7)ita^*f5feIS7^>^ p ytXhV^ 130 1 
4^ LI 3 0 3lifflftfc*J»«*l 2 0 2 0**5*-C 
fe5 0 1 3 0 4liKy F^oy^^!)^^^ 
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